In this paper, the major elements of the Longshan loess profile on the northern piedmont zones and intermountain valleys of mountainous regions in central Shandong Province in northern China, have been systematically tested and been compared with the YHC loess in the Loess Plateau to reveal the geochemical characteristics and material sources of LS loess. It is found that the average chemical composition of Shandong LS profile is similar to that of typical loess at YHC profile. The CIA, Na 2 O/K 2 O and Al 2 O 3 -CaO+Na 2 O-K 2 O triangles show that the LS loess is in moderate weathering stage and the chemical weathering degree is higher than that of the YHC profile in the Loess Plateau, but it is still in the Na, Ca removal of stage. Element activity sequence at the LS profile is Ca> Na> Mg> Si> Al> K> Fe, and Element activity capacity at LS profile is higher than that of at YHC profile. The ratio of TiO 2 / Al 2 O 3 and K 2 O /Al 2 O 3 of the material source index clearly distinguishes LS loess and YHC loess, and it is concluded that the LS loess has different source from the loess plateau loess. It is not the result of dust storm direct from the northwest of China; otherwise, the Yellow River sediments and the North China Plain Material nearby may be its main sources when it was colder and drier during the glacial period. CIA and K 2 O/Na 2 O, and the migration rate of Fe, Al, K and Na is restored to the depositional environment of research. The winter monsoon in the late glaciation is strong and the chemical weathering is weak. In the early Holocene winter monsoon is weakened and the chemical weathering is enhanced. In the middle of Holocene, the summer monsoon dominated and the chemical weathering is strongest; in late Holocene, the climate deteriorated again, the chemical weathering is weakened.
Introduction
Element geochemistry plays an important role in studying Quaternary sediments (Guo, et al. 2009; Huang, et al. 2009; Hao, et al. 2010; Taylor. 1985) . In the process of eolian transport, eolian accumulation and soil formation, It is accompanied by the migration, transformation and enrichment of elements (Guo, et al. 2009; Huang, et al. 2009 ). Therefore, the composition and evolution of elements have unique advantages in regional environmental reconstruction and provenance studies (Guo, et al. 2009; Huang, et al. 2009 ), many studies on major elements have been carried out about loess (Peng, et al. 2001; Xiong, et al. 2008; Chen, et al. 2001; Ding, et al. 2011) in the Loess Plateau and its surroundings (Huang, et al. 2009; Hao, et al. 2010; Li, （b） （a） et al. 2013; Li, et al.2016; Li, et al. 2007; Zhang, et al. 2013; Cao, et al. 1987) . The Loess of Shandong is located in the link between northern and Southern Loess, and plays a key role in regional environmental evolution and Global Monsoon reconstruction. In the past, traditional stratigraphy, sedimentology and other means have been used to study the causes of loess (Cao, et al. 1987; Zhang.1995; Zhao, et al. 1996) , material sources (Peng, et al. 2007; Peng, et al. 2011; Xu, et al. 2014) and climate change (Li. 1987; Ding, et al. 2011) , element geochemical research has achieved certain results (Diao. 1994; Peng, et al. 2016; Xu, et al. 2016; Ni.2015) , but the high-resolution research is still relatively rare. Enriching and perfecting the data of loess elements in Shandong will undoubtedly help to reveal the internal relationship between the Loess Plateau and the surrounding loess, and help to reveal the process of regional environmental change. This paper systematically analyzes the major geochemical characteristics of the Longshan loess profile in the central Shandong mountainous regions in northern China, and compares it with typical loess sections such as YHC profile in the Loess Plateau to reveal its chemical weathering characteristics, migration laws and material sources. Material source and transport path and dust accumulation law will contribute to the prediction of modern dust storm risk.
Materials and methods

Study area and profile characteristics
The study area is located at the central Shandong Mountains of North China Plain ( Fig.1 )，it is covered with the alluvial flood plain only along the Yellow River, the rest mostly consists of the hills and low mountains, elevating between 200 m and 1545 m. The region has a warm temperate and semi-humid monsoon climate with distinct season, prevailing northwesterly wind in winter and southeasterly wind in summer, respectively. Annual temperature and precipitation are about average 12. 6-14.5 °C and 615.3-793 .9 mm (Peng et al., 2016) . Thick loess deposits in central Shandong Mountains mainly spread in the east-west direction along the northern piedmont regions of the central Shandong Mountains (Fig.1a) .
(a) the locations for the research areas and the sampling points (b) the photos of the sections Figure. 1. Research areas, ampling point location and the profile of field picture
The section of Longshan is located in Shandong (hereinafter referred to as LS) (117°21′46.2″E, 36°43′59.4″N), the exposed depth is about 4m (bottom not seen), the elevation is 56m (Fig. 1b) . 120 samples are abtained continuously from upside to downside with an interval of 2.5cm. The depth of sampling is 3m. After the field profile morphological characteristics observation and 14 C dating (data published elsewhere), it is determined that the section has formed since the last Glacial, we can divide the LS profile into the following layers: L 1 (190cm below) sediments formed in the last glacial period, it is yellow, clay silt. Lt (190~160cm deep) is the transition layer, which formed in the early Holocene, it is grey yellow; S 0 (160~50cm deep) formed in Mid-Holocene, it is brown ancient soil, texture is hard, the structure is prismatic; L 0 (50~0cm deep), is the modern dust accumulation layer which formed in the late Holocene, it is orange and sandy soil. The Loess Plateau is the result of wind transport and accumulation from the northwest desert and Gobi. The YHC section of the Loess Plateau is chosen as the representative of the northwest desert and Gobi sediments The profile of Yaohe Village (hereinafter referred to as YHC) in Baishui, Shanxi is located on the plateau (109°29′4.7″E , 35°15′57.3″N, the elevation is 960m), and is in the west of the LS section in Shandong, the two section latitudes match each other. The layer for the YHC section is clear, it is divided from top to bottom as: the surface layer (MS), the modern loess layer (L 0 ), the paleosol layer (S 0 ), the Malan Loess layer (L 1 ), Baishui belongs to the warm temperature semi-arid climate, the annual average temperature and the annual precipitation in Baishui are 11.4 ℃ and 577.8 mm respectively .
The experiment method
The determination for the chemical element is applied with the PW2403 X-Ray Fluorescence Spectrometer produced by the company of Panalytical from the Netherlands. We grind the natural dried samples until the diameter of the particle is smaller than 200 eyes, and then weigh for 4g of the samples with the use of the method for chrome acid to press the tablets on the pressure protot of YY-60; put the samples after the press of tablets into the sample cup by sequence, conduct the determination for the content of the chemical elements by the PW2403 X-Ray Fluorescence Spectrometer. In order to control the stability of the measurement and the error, the national standard samples of GSS-1 and GSD-12 are added in the process of measurement for the control, the error is controlled within 5%.
The result of the experiment
As it is indicated in Fig.2 (S 0 ) is lowest, and the content is higher in loess layer (L0, L 1 and Lt).
• SiO 2 and CaO appear with highly significant negative correlation (R=-0.901) which is the same as the relationship with the two disclosed in the YHC section in the central shaaxi plain (M. Ding, et al.2011 ) and the ZLTC section in the southern Shanxi (Li, et al. 2013) . CaO is mainly present in the form of silicate and CaCO 3 , and the CaO content is low and the SiO 2 content is high in S 0 and L 0 , and they are opposite in L t and L 1 .
•
The distribution of the constant elements of the LS profile is related to the geochemical characteristics of the elements and the soil environment. In addition to CaO (coefficient of variation of 0.72), the vertical coefficient of variation (CV) of other major elements is less than 0.25, and the coefficient of variation is Ti (0.02) and Al (0.05).
The results show that the material composition of LS loess-paleosol sequence in Shandong has the characteristics of uniform composition of wind loess.
• It can be known from image 3, compared with UCC, the LS section of Longshan has the characteristics of poor Na and rich Ti, the content of other elements is similar. Compared with the different layers of LS section, the dropping Na, K and the rich Ti is almost at the same degree which means the characteristics of the source area; the difference between the layers of Ca is obvious. L 1 , L t are in rich of Ca in an apparent way, while S 0 , L 0 drop Ca in an apparent way, it is the reason that the element Ca obviously migrated after the accumulation of wind dust. Compared with the YHC section, in the paleosol layer of S 0 of the LS section, the elements of Ca, Mg and Na are relatively lost, especially Ca of which the loss is the most obvious one; Fe, Al, K and Si are relatively concentrated, the concentration of Fe and Al is relatively obvious. In the loess layer of L 1 , the element of Mg, Na are relatively lost, Ca, Fe and Al are relatively concentrated. In brief, the compositions of major elements in both LS section and YHC section are quite similar; compared with UCC the difference is mainly caused by weathering. It is indicated that the LS profile is characterized by eolian deposits and is preliminarily judged to be mainly a eolian. This is consistent with previous findings (Peng, et al. 2016; Xu, et al. 2016 ).
The discussion for the problems
The characteristics of weathering (CIA, Na/K and A-CN-K)
The A-CN-K (Al 2 O 3 -CaO*+Na 2 O-K 2 O) triangle reflects the trend of chemical weathering, the changes in principal composition and mineralogy during chemical weathering, and the palaeo climate environment during sediment deposition (Gu. 1999; Wang, et al. 1995; Gallet, et al. 1982; Nesbitt, et al. 1980 and . In Figure 4a , the distribution of data points of LS profile are in the above the plagioclase-feldspar baseline, its weathering trend line substantially parallel to the A-CN line, just lying on the line of continental crust UCC and terrigenous shale PAAS connection, close to the plagioclase and not reach the side of A-K line, which implies that the loess feldspar mineral chemical weathered weakly, and experienced dropping Na and Ca , but potassium feldspar almost no changes. So, it may still be in the early stages of chemical weathering (J.Chen, et al. 2001) , weathering products are mainly kaolinite, illite and montmorillonite. The loss rate of Na and Ca is the lowest in L 1 and the highest in S 0 . in addition, we select the S 0 with the strongest soil formation and L 1 with the weakest soil formation to project point on the triangle of A-CN-K digram, the data points of LS in Shandong province is closer to point A, according to this order (YHC-L 1 →YHC-S 0 →LS-L 1 → LS-S 0 ), the degree of weathering is enhanced, generally the strength of dropping Ca and Na of loess in LS section is higher than that of the YHC section in Loess Plateau (Fig. 4b) . The data points of both LS section and YHC section are concentrated and distributed at UCC→PAAS chemical weathering trend line (parallel with the connection line of A-CN), this characteristics again explains that LS section is to some extent the same with the YHC section of the Loess Plateau , which both are originated from the wide upper continental crust with a certain mixing before the sedimentation. The molecular ratio of the elements reduces the impact from the elements of disturbance to some extent which can effectively disclose the weathering degree for the sediments, CIA and Na 2 O/K 2 O is the commonly used alteration index for the chemical weathering. The chemical index of alteration (CIA) may effectively indicate the degree of weathering from the feldspars into the clay mineral, the larger the value is, and the stronger the degree of the weathering reflected will be. The calculation formula of CIA is: CIA=[Al 2 O 3 /(Al 2 O 3 +CaO*+K 2 O+Na 2 O)]×100, in the formula: all are the mole numbers for the oxide molecules, of which CaO* is the mole number in the mineral of silicate. All the calculation methods for the value of m CaO in this article are as follows: when the mole number of CaO is larger than Na 2 O, m CaO ﹡=m Na2O , when it is smaller than Na 2 O, then m CaO ﹡ =m CaO (S.M.McLennan.1993) . Research finds out that the value of CIA is between 50%~65% which reflects the degree of chemical weathering of lower level under the condition of cold climate; when the value of CIA is between 65%~85%, it reflects the strength of the chemical weathering of medium level under the warm and humid climate; when the value of CIA is between 85%~100%, it reflects the strength of the chemical weathering is very strong under the condition of subtropical climate. Na 2 O/K 2 O is also the effective index for the degree of weathering of feldspar which is negatively related to the soil formation of weathering.
The CIA of LS section varies between 66.3~74.5, the average value is 69.1. The weathering sequence for the different layers of the section is S 0 (71.5) > L 0 (68.2) > L 1 (67.7) ≈ Lt (67.2) >> UCC, it means that the whole section of LS in Shandong province is at the medium weathering stage. While the YHC section of the Loess Plateau which is at the transition stage of lower weathering and medium weathering, the average value of CIA is 65.6 (63.7~67.7), the strongest weathering layer is S 0 which is close to the medium weathering degree. Compared with those on the same layer, CIA LS >CIA YHC . It explains that the weathering degree of LS section is obviously higher than the YHC section in the Loess Plateau., and the L t with the weakest weathering in the LS section (CIA is 67.2) is roughly the same as the S 0 with the strongest weathering in the YHC section (CIA is 66.5) in the weathering degree. Na 2 O/K 2 O ratio in both the LS and YHC section shows obvious the systematic changes in cycle which is lower in the paleosol layer and higher in loess layer, and has a good negative correlation with the numerical value of CIA. The weathering sequence it expressed is similar with that of CIA. The average value of Na 2 O /K 2 O for the LS section is 0.71（0.46~0.94）, the lowest value appears in the paleosol and the highest value in L 1 , the sequence for the claying degree of LS is S 0 (0.58)>L 0 (0.73)> L t (0.80) ≈L1 (0.81), the one layer with the strongest claying of YHC is also S 0 (0.81), the second is L 0 (0.86), the claying degree of L 1 is the lowest, Na 2 O/K 2 O is 0.94. Compared with the two sections, the Na 2 O/K 2 O value of the LS section is obviously smaller than that of the corresponding layer of YHC section in the Loess Plateau. It is consistent with the extent of weathering revealed by CIA. In conclusion, the LS section in Shandong has experienced stronger feldspar weathering. It is completely consistent with the weathering degree disclosed by CIA. In short, the LS section in Shandong has experienced a stronger feldspar weathering than YHC section on the Loess Plateau.
The CIA of the LS section (69.1) is slightly lower than that of the Xiashu loess in the southern china whose CIA is 70.45 (the annual average temperature is 15.4℃, the precipitation is 450mm) (Li, et al. 2007 ), higher than that of Shanxi Luochuan section whose CIA is 62.5 (the annual average temperature is 9.2℃, the precipitation is 620mm) (Huang, et al. 2009 ), and Shanxi Xiangfen section whose CIA is 63.6 (the annual average temperature is 11.5℃, the precipitation is 550mm) (Li, et al. 2013) , and Shanxi YHC section whose CIA is 65.5 (the annual average temperature is 11.4℃, the precipitation is 577.8mm) (Ding, et al. 2011) , which are slightly higher than the loess at Zhoujiagou, Liaonan whose CIA is 66.1 (the annual average temperature is 9.6℃, the precipitation is 708mm) (Zhang, et al. 2013 ). The weathering degree of LS section in Shandong is slightly lower than that of southern loess, higher than that of western Loess on Loess Plateau and northeastern Liaoning Loess, which is not so hot as that in southern China, but wetter and warmer than that of the west and warmer than Liaonan in the north east. And which is corresponding with large bio-climatic conditions. It is shown that the dust deposits are mixed and the parent material impact is small, and the CIA is mainly controlled by the change of climate change, especially the precipitation (J.X. Cao, et al. 1987; Z.L.Zhang. 1995; S.L.Zhao, et al. 1996; S.Z.Peng, et al. 2007 ). However, the CIA reveals the comprehensive weathering information of dust accumulation, including the source, the process of sorting and environmental changes in the sedimentary area, such as the degree of weathering of the LS section (CIA is 69.1) is significantly higher than that of Shandong Pingyin loess (CIA 42.9 ~ 63.3) (Xu, et al. 2016 ) and the Miaodao Islands (59.7, averages of 4 profiles) (Ni. 2015) , indicating that the apparent differences in CIA under similar climatic conditions are related to material source and particle size sorting, Significant differences in CIA in Shandong may be caused by different material sources.
The activity of the elements
In conclusion, different major elements have different geochemical behaviors in the process of loess formation, and are closely related to the environment of the soil formation t. Most elements have particle size sorting effect. In addition, they are impacted by the leaching deposition of element Ca. Absolute content of major elements does not reflect its true geochemical properties (Li, et al. 2007; Zhang, et al. 2013) .
Elements in LS and YHC profile were not subjected to acid-soluble treatment before the test. In order to eliminate the influence of carbonate leaching, the change rate of other elements in the sample was calculated by using the stability element Ti as reference to obtain the transportation and concentration degree of the elements. Using the method proposed by Gallet et al. (S.Gallet, et al. 1982) . the calculation formula is:
; in the section of LS and YHC, we select the Ti with the smallest coefficient of variation as the reference standard for the calculation of the migration rate of the elements in the other soil layer of the paleosol relative to L 1 , of which X (s) , I (s) represents the content of element X and the reference element I respectively, X (L) , I (L) represents the content of the above stated elements in the Malan Loess (L 1 ) respectively (because the parent material of the two sections cannot be known before the soil formation, this article will consider L 1 with the weak weathering degree as the parent material). When Δ<0, it explains that element X is migrated out in this layer compared with the reference element; when Δ>0, it represents its relative concentration.
For the observation in the wild field, the soil formation of S 0 is the strongest; its difference with L 1 is the largest for which it can best show the difference of activity for the elements in the two sections. Compared with the L 1 , element migration rate in S 0 in the section LS and YHC has the following characteristics (Fig. 5) : element Ca, Na and Mg Δ<0, all of them are leaching relative to L 1 , while element K, Fe, Al Δ>0, all are relatively concentrated. The activity order of the elements in the two sections is basically the same as that of Ca > Na > Mg > Si > Al > K > Fe. But the activity capability of the elements in the two sections (indicated with the migration rate) is not the same apparently, the activity of the elements in LS section is higher than that in the section of YHC, particularly, in the LS section, element migration rate Ca>> Na> 20%, which it reaches the strong activity stage, element migration rate only Ca>20% at the YHC section, all the other elements reach no more than 10%. Nesbitt etc. divided the process of chemical weathering into the early stage of dropping Na, Ca, the middle stage of dropping K and the late stage of dropping Si in accordance with the activity sequence of the elements. According to the geochemical characteristics of element migration for LS and YHC, both the section of LS in Shandong and the YHC in the Loess Plateau have not entered the stage of dropping K and Si, they are still at the stage of dropping Na and Ca. the loss rate of Na and Ca in the LS section is higher than that of YHC section on the Loess Plateau, it explains that the LS section has experienced the stronger weathering process than that of YHC section on loess plateau which is the same as the result CIA and A -CN -K ternary diagram have disclosed.
Material source
The ratio of TiO 2 /Al 2 O 3 can be used to trace the material source (Hao, et al. 2010; Peng, et al. 2016) . Al, Ti are relatively stable in the loess which are often used as the standard elements, Al often is stable existing in the form of oxide or aluminosilicate in nature. Ti is contained in extremely stable rutile and ilmenite, and it is difficult to migrate in the epigenetic environment (Hao, et al. 2010; Wang, et al. 1995) . K elements are mainly present in potassium feldspar and mica, although it is easy to be weathered compared with Al and Ti, but it is very easy to be absorbed by the clay due to the large radius of K ion, obvious migration can only occur in the soil with strong weathering. on the LS section is lower than that of the YHC section. It explains that the material source of the LS loess in Shandong is not consistent with the YHC section material source on the Loess Plateau, it is not directly blowming from the northwest area in the pattern of dust storm. As the study before, the K 2 O/Al 2 O 3 ratio of Yellow river sediments is lower than the ratio of loess from Chinese Loess Plateau is due to the loss of Illite, Smectilte, mica and other clay minerals comminuting during fluvial transport (Peng.2016) . K often is hosted in Illite, Smectilte, mica and other clay minerals, the loss of K leads to decrease of the ratio K 2 O/Al 2 O 3. The value of K 2 O/Al 2 O 3 on the LS section is lower as that of Yellow river sediments. It is speculated that LS loess is coming from the sediment of the Yellow River and north plain transported by wind transport. Response, Vol. 7, No. 3 (October 2017) 
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Environment reconstruction
The migration rate of elements is to eliminate the impact of the parent material, it is the reliable index that directly discloses the difference of environment for sedimentation, CIA and K 2 O/Na 2 O disclose the weathering strength, it is often used as the substitute index for the recovery of the environment. So, CIA and K 2 O/Na 2 O, and the migration rate of Fe, Al, K and Na are effectively used to restore the depositional environment of LS section region (Fig.7) .
L 1 (190cm~300cm deep, bottom not seen,) at LS section , it was formed in the last glacial period, both the CIA value and K 2 O/Na 2 O value are the smallest, the degree of concentration for Fe, Al and K is low, the leaching degree of Na is the lowest. When the climate was dry and cold. it is presumed that the water level of the Yellow River in the north of the section is lowered, the flood land of the Yellow River is accumulated as the thick beach. In the meantime the plain in the north China are exposed, the coverage of vegetation is low. So, the northwest monsoon dominated the winter monsoon, in the direction of the wind blowing, a lot of sand blowing from the Yellow River Beach and the plain in the north China to Jinan, Zhangqiu, Zibo and other places, due to the southern mountains block in central shandong, it settled in the northern foot of the mountain, which become the main source of LS section.
Lt (190~160 cm deep), the transition layer, formed in the early Holocene, the CIA value and the K 2 O/Na 2 O value starts to increase, the degree of weathering starts to be strengthened, Fe, Al and K starts to concentrate, Na also has a certain leaching. The weathering is strengthened, the concentration degree of Fe, Al and K is still low, the monsoon is transformed.
In the layer of S 0 (160~50cm), Both the CIA value and the K 2 O/Na 2 O reach the maximum value of the whole section, the leaching of Na is also stronger, the concentration degree of Fe, Al and K is also the maximum, it explains that the weathering degree reaches the maximum value of the whole section, when we enter the middle Holocene, the monsoon of winter is gradually weakened, the soil is the strongest .At this time the winter monsoon is weakest, the summer monsoon takes the advantage, and therefore, the effect of dust storm is reduced in an apparent way. While in the last interglacial period and the Holocene epoch, the pollen records show that the west bank of Bohai and the Laizhou Bay are the landscapes of broad leaved forest meadow or the swamp meadow, it does not have the condition for the supply dust (Cao, et al. 1987) . Therefore, it can be initially presumed that the Holocene epoch, especially the formation of S 0 when the monsoon of winter is the weakest, basically all the materials on the LS section are from the flood land of the Yellow River in the north of the research area and the sedimentation of the plain in the north China.
L 0 (50~0cm), is the accumulation layer of the modern wind dust, it formed in the late Holocene, the CIA value and the K 2 O/Na 2 O value are reduced all in a sudden, the weathering is weakened, the concentration degree of Fe, Al and K is still low, the climate is deteriorating. 
Conclusion
This article systematically analyse the composition of the major elements in the LS Loess section in the central Shandong mountainous regions and compares it with the YHC section of the Loess Plateau to study the geochemical characteristics and the material source of LS loess. It is discovered as that:
（1）The average chemical composition in the LS section in Shandong province is very similar to the composition of the YHC section which is the typical Aeolian, SiO 2 , Al 2 O 3 , CaO and Fe 2 O 3 in the composition takes the absolute advantage, the average content of the four reaches 82.77%.
（2）The CIA, Na 2 O/K 2 O and Al 2 O 3 -CaO+Na 2 O-K 2 O triangles consistently discloses that the LS section belongs to the medium weathering, the weathering degree is higher than that of the YHC section on the Loess Plateau but it is still at the stage of dropping Na, Ca, it has not entered the stage of dropping K, Si. The activity sequence for the elements is Ca > Na > Mg > Si > Al > K > Fe, the activity capability is LS > YHC.
（3）The ratio of TiO 2 /Al 2 O 3 and K 2 O/Al 2 O 3 for the index of material source is clearly distinguished the LS loess and the YHC loess, it is presumed that the loess in the LS section and the Loess Plateau have different wind force transportation system, It is not the result of dust storm direct from the northwest of china, otherwise, the Yellow River sedments and the North China Plain Material nearby may be its main sources when it was colder and drier during the glacial period.
（4）CIA and K 2 O/Na 2 O, and the migration rate of Fe, Al, K and Na is restored to the depositional environment of research. The winter monsoon in the late glaciation is strong and the chemical weathering is weak. In the early Holocene winter monsoon is weakened and the chemical weathering is enhanced. In the middle of Holocene, the summer monsoon dominated and the chemical weathering is strongest; in late Holocene, the climate deteriorated again, the chemical weathering is weakened.
